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Introduction

~ The simple phenols found in ciga-
rette smoke are believed to be pyro-
lytic products of tobacco leaf con-
_ stituents. Wenusch (16) suggested
that these phenols arise from carbo-
hydrate, lignin and polyphenolic ma-
terial present in leaf. Ayres and
Thornton (1) have shown that chlo-
rogenic acid gives high yields of
phenols on pyrolysis. Bell and co-
workers (2) have recently suggested
that carbohydrate materials which
comprise about 55% of flue-cured
leaf contribute about 41% of the

phenol found in the mainstream of

cigarette smoke.

The high molecular weight mate-
rials, cellulose, pectin,  lignin and
pigment comprise about 25% (8) of
the dry weight of tobacco leaf, and
may, therefore, individually or col-
- lectively, play an important role in
phenol formation. Cellulose and pec-
tin are essentially carbohydrates, the
former a polyglucose and the latter

a polygalacturonic acid; both lignin

and pigment are known to contain
-benzene nuclei, the former in propyl-
phenyl groups (3) and the latter in
polyphenolic material (17). Consid-
ering structural characteristics and
previous reports (2, 9, 12) in the
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literature, one would expect the
above-mentioned materials to yield
phenols on pyrolysns although not
necessarily in similar amounts. In
the p-resent study, cellulose, pectin,
lignin and pigment, isolated from to-
bacco leaf, were evaluated and com-

pared with regard to-their ability to-

produce phenols pyrolytically.

Experimental

Cellullose (6), lignin (4, 11); pec-
tin (13) and pigment (5) were iso-
lated from Turkish tobacco by de-
scribed methods, or slight modifica-

tions thereof. Cotton was obtained"

from Fischer Scientific Co.; wood
lignin  from Crown-Zellerbach Co.;
citris pectln,, polygalacturonic acid,
glucose, glucuronic acid -and cello-

biose from Sigma Chemical Co.;

isoeugenol from Eastman-Kodak Co:3
and o-n-propyl phenol from Aldrlch
Chemical Co.2. o

Infrared spectra were obtained
by the KBr pellet techmque

Lignin: was oxidized in mtroben-
zene and alkali (15), and the oxida-
tion products were examined by pa-
per chromatography .

Pyrolyses were conducted in a

quartz tube (4’ x 1.25” 0.D.) packed
with quartz chips. Temperature was
maintained at 700°C with a Lind-
berg Hevi-Duty Furnace; nitrogen

3sMention of a.commercial item does not-constitite
endorsement by the United -States Department of
Agriculture -over other items of a similar nature
not mentioned.

‘millin, -

generally served as the: . gaseous. en-
vironment" (30 ml/min) For cer-
tain expemments ‘pyrolytic temper-
atures were varied from 3(D-900°C
in atmospheres-of mtrogen and air.

Phenols were isolated from pyroly-
sates -and their Ievels ‘determined ,by
previously reported procedures 10,
14). For pyrolysates from tol
isolates, determinations’ were
ited to phenol:and m- and
(not resolvable - by GLC)
were the major components in ‘the
phenolic fractions. For pyrolysabes
from non-tobacco materials,  deter-
minations included = o-cresol. Total
phenolic residues Were deternuned
from carefully dried aliquots® of the
phenolic fractions.

Results and Discussion’

Because known methods were -used’
to isolate the high molecular We.lght
tobacco leaf constituents, “the as-
sumption was made that the 1so”1ates
were indeed lignin, pectln, a.nd cellu=
lose and would require only-super-
ficial characterization. In Figure 1
the infrared spectrum of tobacco

leaf cellulose is compared to that

of cotton cellulose. Figure
similar comparison of the in: raredi
spectra of pectin_ from tobacco
leaf and from citrus. Relatlve]yf
hlgh ash levels hlndered the analy-
sis of tobacco leaf'lignin; but oxi-
dation in alkali and mtrobenzene,
yielded the expected products; va-
syringaldehyde and ' p-hy-
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‘been ,racterlzed_ ‘
‘coworkers (5):
‘Pyrolyses of the tobacco isolates
vyielded phenol and ‘m-‘and p-cresol
as the major . phenohc products.
Table 1 shows the levels of phenols
obtained from the ‘high molecular
weight tobacco leaf constituents. The
pyrolyses were conducted at 700°C
under a stream of mtrogen Turk-
ish tobacco was pyrolyzed under the
same.  conditions for . comparative
purposes. The high levels of phenols
obtained from the Turkish tobacco
-:pyrolysate as compared to that ob-
tained from cigarette smoke .conden-
sates (14). can be attributed in part
to the absence “of Qombustlon proc—
esses ‘under ' the anaerobic’ experl-
mental conditions used. Tobacco pig-
‘ment. 'was the most efficient phenol

‘precursor* of the materials tested. -

Cellulose was a poor phenol precur-
sor, while lignin .and pectin - (from
tobacco) were relatively good phenol-
formers.

Cellulose, lignin, pectin and poly- L

galacturonic acid obtained from com-
mercial sources were pyrolyzed un-
der the same conditions (700°C, N;).
The trend “observed was sumllar to
that of the analogous tobacco iso-
lates. Lignin was the most effective,
and cellulose the poorest phenol pre-
cursor (Table 2). The hlgh yield
of cresols from wood lignin is com-
patible with proposed = structural
characteristics of lignin. Pyrolysis
of o-n-propyl phenol (Table 3),
which may be similar to the type of
recurrmg propylphenyl unit in lig-
nin, yielded o-cresol as the major
product, fission occurring primarily
‘between C, and C, of the side chain.
Isoeugenol, which like o-n-propyl
phenol, may be regarded as a model
hgnm compound, = similarly gave
rise to high levels of cresols upon
pyrolysxs

Certain other low molecular weight
materials related to polymeric carbo-
hydrates were also pyrolyzed under
identical conditions (Table 3). The
data indicate that carbohydrates,
whether in the form of mono-, di-
‘or - polysaccharides, are relatively
poor phenol precursors, although the
behavior of tobacco leaf pectin un-
Jlike - pectin from other sources is
anomalous and-difficult to-interpret,

"To determine the optimum condi-
~t1(ms of phenol formation ‘from wood
lighin, for example, the latter ma-
‘terial was pyrolyzed at temperatures
ranging from 800-900°C, both. in

i ‘In ‘the: prexent S,

denotes - any material “that on pyroly.m is converted
to .phenol; the degree. of conversion is-a. measure
of -the relative efficiency of a given precursor..

Pigment

Lignin

Pectin

Cellulose

Turkish tobaeco**

**M eta and para cresol were not resolvable by GLC.
*Data for Turkish tobacco are shown for comparative purposes.

63 41
67 30
6 2
105 25

Substance pyrolyzed

Table 2. Phenols from non-tobacco high. molecular weight
substances

(700°C, N,) Phenol
Wood lignin 61
Polygalacturonic acid 14
Citrus'pectin 12
Cotton (cellulose) 6

Phenols (mg/100 g}

o-Cresol  m-.and p-Cresol
30 117
7 8
6 8
2 2

Compound pyrolyzed

{700°C,.N,) Phenol
o-n-Propylphenol 1,600
Isoeugenol 305
Cellobiose 31
Glucose 27
Glucuronic acid 18

Table 3. Phenols from certain low molecular weight materials

Phenols (mg/100-g)
o-Cresol m- and p-Cresol

18,400 S,
415 1,440
9 11
7 5
4 5

nitrogen and_ in air. Total phenolic
residue was determined a.fter each
pyrolyms Figure 3 illustrates the

pattern obtained. Maximum forma-

tion of phendls occurred in the 500°-
600°C region. In an atmosphere of
air, the pattern was similar to that
obtained in nitrogen, but yields were
lowerPMeasurement of ylelds of in-
dividual - phenols (gualacol “phenol,
m- anﬁ p-cresol) at various tempera-
tures mdlcated that 500°C was gen-
erally the temperature of maximum
formation for these compounds, as
well.

Although the present report evalu-
ates the phenol-forming potential-of
certain hlgh molecular weight ma-
terials,.
the relative‘ proportions - of these
materials in leaf before reaching any
concluglons regarding their: contri-
bution to the phenol content of clga—
rette, smoke ‘Whereas: pigment is by

-it is' necessary to consider.

far Athe most: eﬁ‘iment precurs

welght ‘of leaf (’5) C ;boh
including cellulose; - compr 1
50% of the leaf (8),~b :

3.5% of the leaf (8) ,

Prehmmary ‘experiments
laboratory indicate
of compounds- may - serv
precursors, such as ce

matlon, ‘and that s
ments for. phenal fo
minimal, ‘and may d¢
extent, on temperature: and;gaseous
environment.

Summary
The' effectiveness of cértain high
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‘Figure 3. Effect of temperature on pyrolytic yield of total phenols from wood lignin.

-molecular: weight materials, isolated

from tobacco leaf, to produce phenols

pyrolytically was evaluated Pigment
was shown to be the best phenol pre-

~cursor and cellulose the poorest.

Commercially available lignin, pectm
and cellulose followed a trend simi-
lar to their tobacco analogs; lignin
was. the best. precursor, and cellulose
-the poorest. Carbohydrates were gen-
erally observed to be poor phenol
.precursors. The optimum tempera-
ture of phenol formation from wood
lignin was shown to be in the region

500- ‘600°C"Y1élds of phenol were

hlgher in an atmosphere of nitrogen
than in au'
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